The taxonomic position of Cardamine pectinata , a controversial taxon treated either as infraspecific to C. impatiens or as a separate species, was studied. Forty-nine populations were sampled and used in multivariate morphometric and molecular (amplified fragment length polymorphism) analyses. Our results showed that C. impatiens and C. pectinata represent two well-differentiated taxa in terms of both molecular and morphological data, and should be treated as two separate species. We present the taxonomic conspectus for both species, including the list of synonyms, information on type specimens, morphological descriptions, ecological characteristics, and distribution area. Type specimens for several names are designated here. The detailed geographical distribution of C. pectinata is presented based on the survey and revision of herbarium material. It covers the area from the Balkans through Turkey and the Caucasus to Iran. As an introduction to the phylogeography of both species, the distribution of genetic diversity within and between the studied populations and geographical regions was assessed. In C. pectinata , the highest genetic diversity was observed in northern Turkey, suggesting the location of glacial refugia along the Black Sea coast. Populations in Bulgaria were less diverse, and this area has most probably been colonized postglacially. C. impatiens , on the other hand, did not display clear phylogeographical structure, most probably as a result of the efficient spread and mixing between different colonization routes.
INTRODUCTION
The genus Cardamine L. (Brassicaceae) comprises about 200 species occurring indigenously on all continents except mainland Antarctica (Al-Shehbaz, 1988) . Diploid as well as polyploid taxa up to high ploidy levels are represented (reviewed by Lihová & Marhold, 2006) . Although several detailed studies have been published on polyploid complexes of Cardamine in Europe ( C. pratensis group: Lövkvist, 1956; Marhold, 1994a; Urbanska et al ., 1997; Franzke & Hurka, 2000; Lihová, Marhold & Tribsch, 2003; Lihová, Tribsch & Stuessy, 2004b; C. amara group: Lövkvist, 1957; Marhold, 1992 Marhold, , 1995 Lihová, Marhold & Neuffer, 2000; Lihová et al ., 2004a; C. raphanifolia group: Pern y et al ., 2005a) , less attention has been paid so far to differentiation patterns in diploids. Morphometric and molecular analyses of the Balkan diploid C. acris have recently led to the recognition of three subspecies within this area (Pern y , Tribsch & Anchev, 2005b) . Variation patterns in the diploid populations of the widespread C. amara reflect a rather recent isolation and divergence of populations restricted to different European mountain ranges, which are now classified as subspecies (Lihová et al ., 2000 (Lihová et al ., , 2004a Marhold, Huthmann & Hurka, 2002) . On the other hand, ongoing studies on other groups of diploid taxa, the Italian-Balkan C. maritima (J. Ku d era, J. Lihová & K. Marhold, unpubl. data) and C. glauca (Laku t i c et al ., 2006) , indicate much more pronounced diversification in terms of both morphology and molecular markers than revealed in the abovementioned taxa and species groups.
Cardamine impatiens L. is a diploid species with a wide distribution in Eurasia (Jalas & Suominen, 1994) , reported as introduced also from North America (Seymour, 1969; Rollins, 1993) and southern Africa (Dreyer & Jordaan, 2000) . Although several infraspecific taxa have been described in the past within this species, most of them appear currently only in synonymy. The sole exception is the taxon originally described as C. pectinata Pall. ex DC. by Candolle (1821: 264) based on the material collected by Pallas in Persia (today Iran). Apart from Iran (Hedge, 1968) , it is also reported from the Caucasus, Turkey, and the Balkan Peninsula (Stoyanov & Stefanov, 1948; Grossgeim, 1950; Cullen, 1965; Assenov, 1970; Ketskhoveli, 1979; Kit Tan, 2002) . The taxonomic status of this taxon, however, has remained controversial. It has been treated either as a separate species (by Grossgeim, 1950; Assenov, 1970; Ketskhoveli, 1979) , or as a subspecies (by Stoyanov & Stefanov, 1948; Jones & Akeroyd, 1993) or variety (by Trautvetter, 1876; Zohary, Heyn & Heller, 1980 ) of C. impatiens . Cullen (1965 , treating this taxon at the varietal rank, argued that 'intermediates between the two varieties [var. impatiens and var. pectinata ] are of frequent occurrence'. This opinion has been shared also by Kit Tan (2002: 184) and Khatri (1988) , although the latter author treated C. pectinata at the species level. Other authors (e.g. Assenov, 1970) have no doubt that this should be a clearly separated species.
Although C. impatiens exhibits a wide distribution across Eurasia, the area of the present occurrence of C. pectinata is regarded to be restricted to the Balkan Peninsula, Turkey, Iran, and lower altitudes of the Caucasus (see references above). These areas are known to harbour considerable taxonomic and genetic diversity that can be attributed to processes associated with Pleistocene glaciations. Palaeobotanical and phylogeographical studies have shown that the southern peninsulas of Iberia, Apennines, Balkans, and the Caspian/Caucasus region served as refugia, in which many European temperate species survived unfavourable climatic conditions during the glacial periods (Hewitt, 2004) . Repeated cycles of area contraction and expansion, as well as altitudinal shifts in southern mountain ranges, allowed considerable genetic diversity to be retained in these regions, in contrast with the genetic impoverishment often observed in more northern areas (Hewitt, 2002 (Hewitt, , 2004 . Several continental-scale phylogeographies documenting these processes have been published in recent years, addressing mainly tree species (e.g. King & Ferris, 1998; Fineschi et al ., 2002; Hampe et al ., 2003; Heuertz et al ., 2004) . A few phylogeographical studies also covered or at least marginally included the easternmost putative refugial areas in Turkey and the Caspian/Caucasus region (King & Ferris, 1998; Hampe et al ., 2003; Marcussen, 2003; Albach, Martínez-Ortega & Chase, 2004) . Reconstructions of the vegetation in the last glacial maximum have documented the occurrence of broad-leaved deciduous and mixed forests in the area along the Black Sea coast of Turkey and Georgia (Adams, 1997) . This region, characterized by many Tertiary and Quaternary relic species (Denk, Frotzler & Davitashvilli, 2001) , may have provided favourable habitats for the survival of several temperate herbaceous species, including the Cardamine taxa studied here.
Two main questions are addressed in this study. First, we aimed to resolve the taxonomic position of populations assigned to C. pectinata in respect of the widespread C. impatiens . Detailed morphometric and molecular (amplified fragment length polymorphism, AFLP) analyses have been carried out, together with the survey of herbarium records from the sympatric regions. Second, as an introduction to the phylogeography of both species, the distribution of genetic diversity in the studied populations and geographical regions was assessed using AFLP data.
MATERIAL AND METHODS P LANT MATERIAL
Population sampling was focused on the area with the reported occurrence of both taxa, C. impatiens and C. pectinata , i.e. the Balkan Peninsula, northern Turkey, and the Caucasus region. C. impatiens was also sampled from numerous populations in more distant parts of its distribution range (central and southern Europe, Japan) to cover the area without the occurrence of C. pectinata (Table 1, Fig. 1 ). For morphometric analyses, herbarium specimens of a total of 565 individuals originating from 26 populations were used (6-34 plants per population). These were collected in the sympatric area of the two taxa. Material for AFLP analyses (silica gel-dried leaves) was represented by 82 samples from 24 localities also sampled for morphometric studies, and 65 samples from an additional 23 populations collected mainly in more remote geographical areas (Table 1) . For chromosome counts, seeds originating from 15 localities were used. These were either collected directly in the field or from plants collected at the localities and transplanted in the experimental field in Bratislava, Slovak Republic.
Details on the origins of the plant material are given in Table 1 . Voucher specimens are deposited in the herbarium SAV.
To present a detailed view on the distribution of plants corresponding to C. impatiens and C. pectinata , especially in the area of their sympatric occurrence, herbarium material from the following herbaria was revised: B, BM, G, GH, K, KW, LE, LEU, P, PR, PRC, 
KARYOLOGICAL ANALYSES
Chromosome numbers were determined from mitotic metaphases of cells from root tips taken from germinating seeds. The root tips were pretreated with 0.002 M hydroxyquinoline for 5 h. They were fixed in a freshly prepared mixture of concentrated ethanol and acetic acid (1 : 1) and hydrolysed in a mixture of concentrated hydrochloric acid and ethanol (1 : 1) for 1-2 min. Squashes were made in a drop of 45% acetic acid under a cellophane square (Murín, 1960) , and stained in a 10% solution of Giemsa stock solution in Sörensen phosphate buffer for 1 h.
MORPHOMETRIC ANALYSES
Nine quantitative vegetative characters and five floral characters were measured on the collected plants and three ratio characters were derived (see Table 2 ). The characters included in the morphometric analysis corresponded to those usually used for the delimitation of C. pectinata and its discrimination from C. impatiens (Stoyanov & Stefanov, 1948; Cullen, 1965; Khatri, 1988; Jones & Akeroyd, 1993) , as well as others that appeared to be variable in the populations sampled in the field. Floral characters were measured on one randomly selected flower per plant. Fresh floral parts were attached to adhesive tape, dried, and scanned on a Microtek ScanMaker 9800XL. Maximum values for each floral character were measured and recorded in the computer program CARNOY (Schols et al., 2002) .
We performed both hierarchical and nonhierarchical multivariate morphometric evaluation of the measured data. Hierarchical UPGMA (unweighted pair-group method using arithmetic averages) (Everitt, 1986) cluster analysis was based on populations characterized by average values of the measured characters. The characters in the primary matrix were standardized by zero mean and unit standard deviation, and a Euclidean coefficient was used to compute the secondary distance matrix. Principal component analysis (PCA) (Sneath & Sokal, 1973; Krzanowski, 1990) , based on individual plants and the correlation matrix between the characters, was performed to reduce the multidimensionality of the original character space and to display the variation pattern along the first three components extracting most of the variation. To test the results from the cluster analysis based on populations, canonical discriminant analysis (CDA) and classificatory discriminant analysis (nonparametric classificatory discriminant analysis) (Klecka, 1980) based on individual plants were computed. Two groups resolved by UPGMA (see 'Results') and corresponding to C. impatiens and C. pectinata were defined. In CDA, a discriminant function was derived to maximize between-group variation, and a histogram showing the extent of group separation was produced. To Table 2 . Eigenvectors of principal component analysis (Prin 1, Prin 2, and Prin 3) based on individuals of Cardamine impatiens and C. pectinata, expressing correlation of the examined characters with the principal components (see Fig. 3 ); total canonical structure (Can 1; correlation coefficients of the characters and canonical axis) of canonical discriminant analysis based on individuals of C. impatiens and C. pectinata (see Fig. 4 reveal the correlations of characters with the canonical axis, the total canonical structure was computed. The classificatory discriminant analysis was used to assess the percentage of plants correctly assigned to the predetermined groups. The cross-validation procedure was used, in which the classification criterion is based on N − 1 individuals, and then applied for the individual left out. In addition, mean values, standard deviations, and percentiles were computed for all characters (exploratory data analysis). Cluster analysis was performed using SYN-TAX 2000 (Podani, 2001) . For other analyses, the SAS statistical package (SAS Institute, 2000) was used.
AFLP FINGERPRINTING
Genomic DNA was extracted from silica gel-dried leaves using a modified cetyltrimethylammonium bromide (CTAB) procedure (Doyle & Doyle, 1987) according to Schönswetter et al. (2002) . The quality of the isolated genomic DNA was checked on agarose gels, and the amount of DNA was estimated photometrically (UV-160A, Shimadzu). The AFLP procedure (Vos et al., 1995) followed the general protocol (Applied Biosystems, 1996) with minor modifications (see Schön-swetter et al., 2004) . The genomic DNA was restricted with MseI and EcoRI restriction endonucleases, and two double-stranded adaptors were ligated at 37 °C for 2 h. The product was diluted in TE 0.1 buffer (10 mM Tris, 0.1 mM EDTA). Amplifications were performed in two steps using a GeneAmp PCR System 9700 thermal cycler (Applied Biosystems). Preselective amplification using two primers with 1-base pair (bp) extensions at the 3′ end was performed with the following cycle profile: initial hold at 72 °C for 2 min; 20 cycles at 94 °C for 1 s, 56 °C for 30 s, and 72 °C for 2 min; last hold at 60 °C for 30 min and cooling to 4 °C. The products of preselective amplifications were checked on agarose gels and diluted in TE 0.1 buffer. Three primer combinations giving clear and reproducible bands, applied in previous Cardamine studies (see, for example, Lihová et al., 2004b) , were used for selective amplifications: MseI-CTG, MseI-CAG, and MseI-CTG (VBC Genomics, Vienna, Austria) . The polymerase chain reaction (PCR) cycle profile was as follows: initial cycle at 94 °C for 2 min, 65 °C for 30 s, and 72 °C for 2 min; eight cycles at 94 °C for 1 s, 64 °C for 30 s (decreasing by 1 °C in each cycle from 64 °C to 57 °C), and 72 °C for 2 min; 23 cycles at 94 °C for 1 s, 56 °C for 30 s, and 72 °C for 2 min; and the last hold at 60 °C for 30 min and cooling to 4 °C. The AFLP fragments were loaded onto 4.5% polyacrylamide gels with an internal size standard GeneScan 500 ROX (Applied Biosystems), and electrophoresed on an automated sequencer (ABI 377). Raw data were analysed by GeneScan (Applied Biosystems) and then by GenoGrapher program (version 1.6.0, ©Montana State University, 1999; http:// hordeum.msu.montana.edu/genographer/). The presence or absence of AFLP fragments was scored for each sample (only well-scorable and unambiguous fragments were analysed) and transferred into a binary matrix.
AFLP DATA ANALYSES
Genetic variation was analysed from both a taxonomic and phylogeographical perspective.
1. First, principal coordinate analysis (PCoA) and neighbour-joining (NJ) analysis were performed on the entire dataset of 147 samples to obtain the general view on the AFLP variation pattern, particularly to address the genetic differentiation between populations morphologically assigned to C. impatiens and C. pectinata. For PCoA, the secondary matrix was computed using Jaccard's coefficient, and the analysis was performed by SYN-TAX 2000 (Podani, 2001) . NJ analysis was carried out using Nei & Li's (1979) genetic distance in the PAUP* program (version 4.0b10; Swofford, 2003) , with the bootstrap option of 5000 replicates. Three accessions of C. lazica Boiss. were used to root the tree. 2. To document the genetic divergence between the two taxa, we additionally calculated the total number of fragments per taxon, the number of polymorphic fragments, the number of private fixed fragments (those restricted to the taxon and present in all of its individuals), and the number of private fragments (those restricted to the taxon but not necessarily present in all of its individuals). 3. The geographical structure of genetic variation was explored by analyses of molecular variance (AMOVAs) using ARLEQUIN (version 2.000; Schneider, Roessli & Excoffier, 2000) . The original binary matrix was divided into two matrices of C. impatiens and C. pectinata, respectively, and the AMOVAs were run separately for each of these two taxa. Euclidean distances were computed between all pairs of AFLP phenotypes to produce distance matrices. Total genetic variation was partitioned into the following hierarchical levels: between individuals within populations, between populations, and between regions. Different groupings of populations were tested following those suggested by PCoA and NJ analysis, or by phytogeographical areas. One thousand permutations were run to obtain test statistics. 4. Finally, to estimate the genetic diversity within populations and geographical regions, the following diversity measures were calculated using POP- I-Bu-7 I-Ge-14 I-Bu-6 I-Bu-9 P-Bu-1 P-Bu-2 P-Bu-4 P-Bu-6 P-Bu-5 P-Bu-3 P-Ge-13 P-Tu-10 P-Tu-11 P-Tu-9 P-Tu-8 P-Tu-7
C. impatiens C. pectinata GENE 1.32 (Yeh et al., 1997) : the total number of AFLP fragments in a population/region (f pop ), the mean number of AFLP fragments per individual in a population (f ind ), the number and percentage of polymorphic fragments (%P pop ), the number of rare (f r ; fragments present in less than 10% of the investigated individuals belonging to the taxon), private (f pr ), and private fixed (f pr-f ) fragments, and Shannon's diversity index H Sh = -Σ(p i ln p i ), where p i is the relative frequency of the ith fragment (Legendre & Legendre, 1998). As the numbers of individuals per population analysed for AFLPs were not equal, but ranged from one to nine individuals, these diversity measures were calculated on reduced datasets that included three (the most common number) or, exceptionally, two individuals (in cases in which only two individuals were sampled) per population. From populations in which more individuals were sampled, three individuals were randomly selected.
RESULTS

CHROMOSOME NUMBERS
Chromosome numbers were counted in eight populations of C. impatiens and seven populations of C. pectinata. The diploid chromosome number 2n = 16 was determined in all cases (Table 1) .
MORPHOMETRIC ANALYSES
UPGMA cluster analysis based on 17 morphological characters resulted in a dendrogram with two main clusters corresponding to populations traditionally understood as C. impatiens and C. pectinata, respectively (Fig. 2) . Further clustering in C. pectinata reflected the geographical origin of the analysed populations (Balkan and Turkey/Caucasus region), whereas clustering within C. impatiens did not show any pattern. The ordination diagram of PCA based on individual plants (Fig. 3) showed two compact groupings separated along the first axis, in accordance with the results of cluster analyses. Only a minute overlap represented by few plants was present. The following characters were strongly correlated with the first component axis (in descending order): length of petals, width of petals, number of stem leaves, number of leaflets of the middle stem leaf, length of filaments, height of stem, and length of sepals (Table 2) . No further groupings were apparent along the second or third axes, although there was some variation within both groups, especially in C. impatiens. The histogram of CDA (Fig. 4) , based on individual plants and two groups as defined by cluster analysis, showed a clear separation between the populations corresponding to C. impatiens and C. pectinata. The characters highly correlated with the canonical axis were the same as revealed in PCA (Table 2 ). It is apparent that there are no (or only very few) plant individuals that can be considered as morphologically intermediate between C. impatiens and C. pectinata. Accordingly, in the classificatory discriminant analysis, percentages of correctly classified individuals were 100%, without any misclassified individuals.
The results of exploratory data analysis of C. impatiens and C. pectinata (Fig. 5) showed that these two taxa differed in several characters, with an overlap only in extreme values of a few individuals. Again, the length of petals, width of petals, number of stem leaves, number of leaflets of the middle stem leaf, length of filaments, height of stem, length of sepals, and the ratio LLL/WLL (length of lowermost lateral leaflet of the middle stem leaf/width of lowermost lateral leaflet of the middle stem leaf) were the characters best differentiating between these two taxa.
AFLP ANALYSES
PCoA based on AFLP data resulted in two groupings placed on opposite sides of the first axis (figure not shown), corresponding to C. impatiens and C. pectinata, respectively. The pronounced genetic differentiation was also apparent from the NJ tree, where two main clusters of C. impatiens and C. pectinata with high bootstrap values were resolved (Fig. 6 ). Of the 214 fragments scored in 147 individuals (excluding C. lazica used to root the tree), 198 (93%) were polymorphic. In C. impatiens, 153 fragments were resolved: 130 (85%) were polymorphic, 88 were private, and seven were private fixed. In C. pectinata, 119 fragments were found: 95 (80%) were polymorphic, 53 were private, and eight were private fixed.
Apart from the clear taxonomic structure, resolving C. impatiens and C. pectinata as two genetically differentiated entities, the NJ tree suggested further geographical patterns within both taxa. Two main clusters in C. pectinata corresponded to populations from: (1) the Balkan Peninsula and western and central Turkey; and (2) eastern Turkey and the Caucasus; however, the clusters received very low bootstrap support. Within both clusters, further clustering again reflected the geographical origin of the accessions. Similarly, three main clusters were apparent within C. impatiens: (1) Japan; (2) eastern group of Turkey and Caucasus; and (3) western group of the Balkan Peninsula and other parts of Europe (Fig. 6) .
Several three-level AMOVAs were performed to assess partitioning of the overall genetic variation and to test the suggested geographical structure within AFLP data (Table 3) . Two to five geographical groupings were suggested for both taxa to compare the between-region variance. In C. impatiens, about 20-26% of the total variation was accounted for by variation within populations, and 30-38% by variation between populations. By partitioning populations into Table 2 ). The first three axes explain 35.57, 23.29, and 10.18% of the total variation, respectively. two main geographical groups, the western and eastern groups (Japanese accessions were excluded from AMOVA), almost 50% of the overall genetic variation was attributed to the differentiation between these two areas. By partitioning the populations into smaller groups, the geographical resolution was always weaker (Table 3 ). In C. pectinata, the highest between-region differentiation was achieved when considering three geographical groups (Balkan Peninsula, central Turkey, eastern Turkey together with the Caucasus), representing almost 61% of the total variation. This value decreased slightly (to 58%) when two groups were considered: eastern Turkey together with the Caucasus as one group and the remaining populations as the second group (Table 3) . Table 4 presents genetic diversity estimates for the analysed populations and geographical regions, which are also shown in Figure 7 . In most cases, the number of individuals analysed was the same as the number of detected AFLP phenotypes. Only in a single population of C. impatiens (I-Ge-15, Georgia, Gveleti) did all three individuals share the same AFLP phenotype. In C. pectinata, two pairs of individuals sharing the same AFLP phenotype were found. In C. impatiens, several populations with high levels of genetic diversity (reflected by the high percentage of polymorphic fragments, number of rare and private fragments, and higher H Sh values) were identified, which were concentrated to the western part of the studied area (western Carpathians, regions south of the Alps). A few populations with higher genetic variation or with several private AFLP fragments were also found scattered in Bulgaria, Romania, and the Caucasus. In C. pectinata, the eastern populations (located along the Black Sea coast in northern Turkey and the Caucasus) displayed high genetic diversity, with several private fragments, in contrast with Bulgarian populations with reduced genetic variation. In populations of the latter region, however, a few private fragments were also present. Table 2 ). C. pectinata (Assenov, 1970; Khatri, 1988; Kit Tan, 2002) . Several authors did not accept it as a separate species, but placed it within C. impatiens (Stoyanov & Stefanov, 1948; Zohary et al., 1980; Jones & Akeroyd, 1993) . Although morphological differences between these two taxa have been reported, the existence of morphological intermediates has also been assumed (Cullen, 1965; Kit Tan, 2002) . According to Flora Europaea (Jones & Akeroyd, 1993) and national floras from the relevant areas (e.g. Stoyanov & Stefanov, 1948; Grossgeim, 1950; Cullen, 1965; Assenov, 1970; Kit Tan, 2002) , several morphological characters, such as the height of plants, number of leaflets of the stem leaves, shape of the leaflets, length of the petals, branching of the stem, width of the siliquae, length of the style, and the position of the siliquae in the inflorescence, can distinguish between C. impatiens and C. pectinata (often treated as a subspecies or variety within the former). Until our study, however, no detailed morphological investigation has been performed. Our results, based on a large amount of plant material, showed two morphologically clearly differentiated entities, corresponding to C. impatiens and C. pectinata. We have not recorded any morphologically intermediate or uncertain populations, which cannot be classified reliably. This was confirmed at the level of individual plants and also from localities in which both taxa grew in close proximity. Morphological characters, which were resolved in our analyses as diagnostic, mostly corresponded to those reported by the authors of several taxonomic treatments (for references, see above). Fruit characters were not included in our detailed morphometric evaluation, as the population samples were collected at flowering time. Nevertheless, we studied numerous fruiting specimens in herbaria. C. pectinata typically possesses secund siliquae, and the resulting fruiting inflorescence shape can be considered as a character distinguishing it from C. impatiens; however, exceptions occur. In addition to the traditionally reported differentiating characters, our study showed differences in the length of the sepals, width of the petals, and length of the filaments. The extreme values of the discriminating characters may overlap in some cases (see Fig. 5 ), but, by using a combination of a few characters, it is always possible to identify C. impatiens or C. pectinata without doubt. In populations of both C. impatiens and C. pectinata, plants with hairy siliquae are seldom found. In the past, they were classified either as a separate species, C. dasycarpa M. Bieb., or as varieties of either C. impatiens (var. eriocarpa DC.) or C. pectinata (var. trichocarpa N. Busch). Following the lectotypification in the present paper, C. dasycarpa is a synonym of C. impatiens, and two other names fall into the synonymy of C. pectinata. The character 'hairness of siliquae' apparently has no taxonomic value. In addition, apetalous plants very often occur in populations of C. impatiens. They were named by Gilibert (1782) as C. apetala; however, this name is currently treated as Table 1 . Bootstrap values are shown above the branches. Cardamine lazica was used to root the tree. I -Tu -13 I -Tu -13 I -Tu -13 I -Ru -17 I -Ja -35 I -Ja -36 I -Ja -36 I -Ja -36 P -Ge -13 P -Ge -13 P -Ge -13 P -Ge -13 P -Ge -13 P -Ge -13 P -Ge -13 P -Tu -9 P -Tu -9 P -Tu -9 P -Tu -9 P -Tu -9 P -Tu -8 P -Tu -8 P -Tu -8 P -Tu -8 P -Tu -7 P -Tu -7 P -Tu -7 P -Tu -7 P -Tu -7 P -Tu -11 P -Tu -11 P -Tu -11 P -Tu -11 P -Tu -11 P -Bu -4 P -Bu -4 P -Bu -4 P -Bu -2 P -Bu -2 P -Bu -2 P -Bu -2 P -Bu -2 P -Bu -3 P -Bu -3 P -Bu -3 P -Bu -3 P -Bu -3 P -Bu -6 P -Bu -6 P -Bu -1 P -Bu -1 P -Bu -1 P -Bu -5 P -Tu -12 P -Tu -12 P -Tu -12 P -Tu -12 P -Tu -10 P -Tu -10 P -Tu -10 C. pectinata C. impatiens invalid (see 'Taxonomic conspectus'). Moench (1794) apparently intended to publish the name C. apetala again for apetalous plants of C. impatiens, but the only original element connected with this name, an illustration in Flora Danica (Müller, 1777: table 735) , depicts undoubtedly C. flexuosa With. This variation has no taxonomic value. From our AFLP data, C. impatiens and C. pectinata are also genetically well differentiated. The large number of private AFLP fragments, as well as the overall variation pattern illustrated by PCoA and the NJ tree, show pronounced genetic differentiation between these two taxa. These results are in clear accordance with morphometric data, and provide convincing evidence that C. impatiens and C. pectinata should be treated as two different species. We did not find any signs of interspecific gene flow; no intermediate AFLP phenotypes were seen on the ordination diagram of PCoA and no morphological intermediates were observed. Our recent study on phylogenetic relationships between European Cardamine diploid taxa using DNA sequence data from three different markers (ITS nrDNA, trnL-trnF of cpDNA, and nuclear single-copy CHS gene) also included a few accessions of C. impatiens and C. pectinata. They were resolved as two closely related sister taxa, forming a wellsupported and distinct lineage amongst the other analysed taxa (Lihová, Shimizu & Marhold, 2006) .
Thirty original chromosome number records of 2n = 2x = 16 have been published for C. impatiens across its distribution range (for details, see Karyological database of the genus Cardamine: http:// 147.213.100.117/cardamine/index.php; Kudera, Valko & Marhold, 2005) . This is, in agreement with our Table 4 . Distribution of amplified fragment length polymorphism (AFLP) fragments and genetic diversity measures for the populations and regions analysed (see also Fig. 7 ). The population codes follow Pop., population code; N, number of investigated individuals (reduced dataset with two to three individuals per population, see 'Material and methods'); f pop , total number of fragments in a population/region; f ind , mean number of fragments per individual in a given population; %P pop , number and percentage of polymorphic fragments in a population/region; f r , number of rare fragments (present in less than 10% of individuals); f pr , number of private fragments; f pr-f , number of private fixed fragments; H Sh , Shannon's diversity index for a population/region. Three classes of H Sh values were established to discuss the diversity patterns: high values are in bold, medium values are in bold italic, and low values are in normal type.
results, the only reliably documented chromosome number for this species. Three authors have also published the tetraploid level for C. impatiens. The tetraploid record by Hindáková (in Májovsky et al., 1974) , published from Slovakia, refers in fact to C. flexuosa (based on the revision of the voucher specimen; Marhold, 1994b). We have not been able to trace the voucher specimens of the tetraploid chromosome numbers published by Gohil, Ashruf & Raina (1981) and Jee, Dhar & Kachroo (1983) from the area of Kashmir. Therefore, we cannot consider these data as reliable. These records may well refer to another taxon. In the account of the Cruciferae of Continental North America (Rollins, 1993) , the tetraploid number was reported, but without the indication of any particular locality, and thus this record cannot be considered as reliable. For C. pectinata, the only chromosome number record was published from Bulgaria (Anchev & Goranova, 1999) , which is in accordance with our results, confirming the diploid level from seven populations (Table 1) .
GEOGRAPHICAL DISTRIBUTION AND ECOLOGY OF C. PECTINATA
Based on the revision of herbarium specimens deposited in relevant herbaria, we present the distribution area of C. pectinata (Fig. 1, Appendix) . It covers mountain ranges in the Balkan Peninsula (Bulgaria, Greece), northern Turkey, the Caucasus region, and northern Iran. There is one herbarium record originating from a locality in southern Turkey near the border Table 1 . Intrapopulational genetic diversity, as assessed by Shannon's diversity index (H Sh ), is indicated by different circle sizes (small circle, low H Sh ; medium circle, medium H Sh ; large circle, high H Sh ; see Table 4 ). The number of private AFLP fragments is shown by '+'. Arrows delimit geographical groups that show the most pronounced genetic differentiation (analysis of molecular variance, AMOVA; see Table 3 , values in bold). In C. pectinata, two almost equal partitionings are indicated. with Syria, which is distant from any other reports from northern Turkey (see Fig. 1 , Appendix). The specimen was collected in 1913 by M. Haradjian in the Amanus Mountains (Nur Da lari) that belonged at that time to Syria, nowadays to the province of Hatay in Turkey. It was identified by Rechinger as C. impatiens, but morphologically it undoubtedly corresponds to C. pectinata. As a result of the large geographical disjunction and only a single record from that area, we may consider this record as doubtful. However, M. Haradjian is known by his collections from Syria and Cyprus (Lanjouw & Stafleu, 1957) , and we are not aware of any of his collections from the known distribution area of C. pectinata. Therefore, it seems that the localization of the origin of this specimen is correct, and extends the known distribution area of C. pectinata to the area of southern Turkey.
From the consultation of numerous floras from the relevant area, a similar ecology has been reported for C. impatiens and C. pectinata. Both species usually grow on moist sites in shady forests; however, differences reported between C. impatiens and C. pectinata in terms of altitudinal range and forest types are controversial. Our field observations, on the other hand, indicate a clear and consistent pattern in terms of ecological differentiation. C. pectinata occurs in coniferous or mixed (Abies-Fagus) forests; we have not found any locality in an entirely deciduous forest. The altitudinal range was recorded to be 690-1860 m, with a single locality at 505 m, where only a few plants were observed, apparently originating from a population growing at higher elevation. C. impatiens, on the other hand, occurs either in lowland deciduous forests or in mixed (Abies-Fagus) forests, but has not been observed in an entirely coniferous forest. It is usually observed at lower altitudes from 180 to 1750 m; populations in the upper altitudinal range occur only in the Caucasus Mountains with surrounding peaks reaching 5000 m. Both species can meet in mixed forests, and, indeed, we have observed three localities in which they are found in close vicinity (populations IBu-11 and P-Bu-6; I-Tu-12 and P-Tu-7; I-Ge-14 and PGe-13; Table 1 ). Even in these cases, however, they showed microspatial separation, indicating differences in their ecological preferences.
PHYLOGEOGRAPHICAL HYPOTHESES
Different distribution areas occupied by C. impatiens and C. pectinata, and the concentration of C. pectinata populations in assumed glacial refugia (Hewitt, 2004) , led us to explore the phylogeographical patterns within these species. AMOVA and the assessment of genetic diversity have been applied to reveal the geographical partitioning of genetic variation, to identify the genetically most diverse populations (potential ǧ refugial populations serving as source populations for postglacial colonization), and to track postglacial migrations. In C. pectinata, strong genetic differentiation was observed between the populations from eastern Turkey/Caucasus, central Turkey, and Bulgaria (see Fig. 7 ), indicating long-term isolation and restriction of gene flow between these three regions. Populations from mountain ranges along northern Turkey (P-Tu-12, -10, -7) and a population from the Lesser Caucasus (P-Ge-13) displayed the highest H Sh values, accounting for both the number of AFLP fragments and their frequency. The same populations also harboured most private fragments. These genetic patterns are in clear accordance with the assumed location of glacial refugia along the Black Sea coast, as shown by several authors (e.g. Hampe et al., 2003; Marcussen, 2003; Krebs et al., 2004) . Survival of populations within this area and altitudinal shifts during glacials and interglacials may have enabled them to retain considerable genetic variation and accumulate private fragments (see Petit et al., 2003) . C. pectinata currently grows at higher altitudes within this area; thus, during colder periods, it may have found suitable habitats in the same or neighbouring areas at lower altitudes. Indeed, palaeoclimatological and palynological data (Adams, 1997) suggest that such suitable habitats were available within this area. The mountainous distribution of C. pectinata also explains the strong geographical differentiation revealed by AMOVA. Gene flow between the populations occupying different mountain ranges is more restricted than if the species was continuously distributed. The three genetically differentiated regions (Fig. 7) coincide well with the current distribution pattern, showing distributional gaps in the lowlands separating these regions (the area of north-west Turkey west of Istanbul, and central Turkey; Fig. 1 ). Bulgarian populations located at the western distribution border of this species, on the other hand, were revealed as less diverse, but still harboured private fragments not present in the populations from Turkey and the Caucasus. This indicates that the mountainous area of Bulgaria has been colonized postglacially, but probably not from the refugia in Turkey. According to the reconstruction of the vegetation composition in the Balkans during the last glacial maximum, there have been areas with a continuous presence of both coniferous and deciduous tree species (Willis, 1994) . A high diversity of tree species has been documented, e.g. in Ioannina (north-west Greece). C. pectinata may have survived the unfavourable climatic conditions in such refugial populations. Unfortunately, we have not sampled populations from Greece that may have served as source populations for those in more northern areas of Bulgaria. To obtain more detailed insights into the phylogeography of this species, more individuals per population, larger sam-pling within the analysed regions, and sampling in areas not covered here (Greece, northern Iran, the Greater Caucasus) are needed.
The distribution range of C. pectinata is intriguing, because, in contrast with the widespread C. impatiens, it is much smaller and restricted to refugial areas and adjacent regions, but still within the range of the latter. Considering their sister relationships, we can assume two speciation scenarios from their common ancestor. Allopatric speciation may have occurred preglacially near the current distribution of C. pectinata, and the current sympatry may have originated as a result of their secondary contact. Alternatively, sympatric speciation may have occurred, but, in this case, strong genetic barriers must have been generated that have prevented gene flow. Detailed genetic and genomic studies may reveal the mechanisms of their reproductive isolation. Self-pollination has been reported for C. impatiens (Kimata, 1983) , but assuming from the rather high intrapopulation variation, outcrossing should also occur.
Cardamine impatiens, in contrast with C. pectinata, exhibits only a weak phylogeographical structure within the studied area. AMOVA reveals the east-west differentiation (see Fig. 7 ), but less pronounced than in C. pectinata, and further genetic differentiation within these two areas is not supported. Populations harbouring the highest genetic diversity are scattered across the investigated area. They are present mainly in the previously glaciated areas or in their vicinity, where they may have only hardly survived during the glacials (the Greater Caucasus Mountains, the Alps, and the Carpathians). Therefore, we can hypothesize that the high genetic diversity revealed in these regions has been generated through the contact between colonization routes from different refugia, as found in many other species (Petit et al., 2003 Inflorescence racemose with 0-14 (−17) lateral inflorescences. Sepals oblong (1.0-) 1.2-2.3 (−2.5) × (0.3-) 0.5-0.8 (−0.9) mm, margin membranous; petals (1.7-) 1.9-3.5 (−3.7) × (0.5-) 0.6-1.1 (−1.3) mm, white, oblanceolate, apex rounded. Stamens 6, anthers green-yellow, filaments (1.5-) 1.7-2.9 (−3.4) mm long; stigma not conspicuous. Pedicels and siliquae patent or erectpatent.
Chromosome number: 2n = 2x = 16.
Ecology: Moist sites in shady forests, lowland deciduous forests, or mixed forests up to 2400 m (Caucasus) . 
(G).
Description: Biennial or, rarely, annual herb. Height of stem from base to the lowest peduncle of flower or fruit (6-) 7-27 (−35) cm. Stem erect, flexuous, often branched from the base or simple, glabrous. Rosette leaves shrivelled by anthesis, pinnate, sparsely hairy, with two to four pairs of petiolulate, circular-ovate, lobate, or sometimes pinnatipartite leaflets. Cauline leaves (3-) 4-10 (−11), auriculate, pinnate, or sometimes pinnatisect above, with 5-9 (−11) denticulate to lobed or pinnatipartite leaflets. Terminal leaflets (0.7-) 0.9-3.7 (−4.8) × (0.2-) 0.3-1.6 (−1.8) cm, longer than lateral leaflets, petiolulate or sessile, lanceolate. Lateral leaflets (0.5-) 0.6-2.4 (−2.8) × 0.2-1.3 (−1.5) cm, petiolulate or sessile, lanceolate to ovate. Inflorescence racemose with 0-8 (−9) lateral inflorescences. Sepals oblong (1.6-) 1.8-2.8 (−3.0) × (0.5-) 0.6-1.0 (−1.1) mm, margin membranous; petals (3.1-) 3.4-5.8 (−6.4) × (1.0-) 1.1-2.2 (−2.4) mm, white, oblanceolate, apex rounded. Stamens 6, anthers greenyellow, filaments (2.0-) 2.3-3.6 (−4.1) mm long; stigma not conspicuous. Pedicels erect-patent and siliquae expanded and often secund.
Ecology: Moist sites in shady forests, mixed or coniferous forests from 50 to 3000 m (Iran) . 
